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ABSTRACT 
Background. We assessed the impact of lockdown in response to the COVID-19 pandemic 
on routine-oriented lifestyle behaviours and symptoms of depression, anxiety and insomnia in 
South Africans. Methods. In this observational study, 1048 adults (median age: 27y; n=767 
females; n=473 students) responded to an online survey on work, exercise, screen, alcohol, 
caffeine and sleep behaviours, depression, anxiety and insomnia before and during lockdown. 
Comparisons were made between males and females, and students and non-students. 
Results. During lockdown, males reported larger reductions in higher intensity exercise and 
alcohol use than females, while depressive symptoms increased more among females, more 
of whom also reported poorer sleep quality. Students demonstrated larger delays in work and 
sleep timing, greater increases in sitting, screen, sleep duration, napping, depression and 
insomnia and larger decreases in work hours, exercise time and sleep regularity compared to 
non-students. Conclusions. Students experienced more changes in their routine-oriented 
behaviours than non-students, coupled with larger increases in depression and insomnia. The 
dramatic change in their work and sleep timing suggests habitual routines that are at odds 
with their chronotype, with their sleep changes during lockdown likely reflecting “catch-up” 
sleep in response to accumulated sleep debt under usual routines. 
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INTRODUCTION 
On 30 January 2020, the World Health Organization (WHO) declared the outbreak of the novel 
coronavirus SARS-CoV-2, causative agent of coronavirus disease (COVID-19), a global public 
health emergency. In response, many countries instituted unprecedented, but necessary 
measures to limit the spread of the virus through local or national lockdowns, including the 
closure of all but essential services and businesses, the requirement for most people to stay 
at home and only leave their homes to obtain medical support or to purchase groceries. The 
timing of national lockdowns relative to the detection of the first local case varied, and if 
implemented, were done so after localised or national recommendations to reduce 
transmission, had been in place for a few weeks. By March 2020, however, as cases started 
to emerge in Europe and the Americas, many Sub-Saharan African countries implemented 
lockdowns while their national caseloads were relatively small.1 Twenty-one days after the first 
COVID-19 case in the country, the South African government initiated a national lockdown at 
Alert Level 5. The Alert Level 5 restrictions did not allow people to leave their homes except 
for essential services and no alcohol or tobacco products were sold during this period. These 
measures resulted in changes in the daily lives of the South African population, including but 
not limited to, having to work from home or having no work at all, home-schooling children and 
removing exercise and socialising opportunities. 
Since the start of the pandemic, researchers have studied the effects of the imposed 
restrictions on various lifestyle behaviours (such as sleep, levels of physical activity and other 
activities of daily living) independently. Many studies across continents have reported that 
lockdown resulted in delayed bedtimes and wake-up times, as well as increased sleep 
duration, but with mixed results relating to sleep quality.2-7 While delays in sleep timing led to 
a better match between the biological and societal sleep-wake timings or social jetlag in adults 
from three European countries, it was associated with reduced sleep quality and worse mental 
and physical health.8 In some instances, increases in physical activity have been reported,9 
while in other studies people reported being less physically active during lockdown, coupled 
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with increases in sitting or lying down time5, 7, 9, 10 and screen time6. It is likely that, among 
other things, the diversity in restrictions related to lockdown between countries, might be in 
part responsible for the variation in observations related to changes in lifestyle-type 
behaviours. Amongst a Scottish cohort, lockdown resulted in increases in alcohol 
consumption, worsening of diet, reductions in physical activity and poorer sleep quality, with 
the latter three being associated with a worsening in mood.7 In a Chinese cohort, remaining 
more physically active was associated with a better quality of life score, and this relationship 
was mediated by sleep quality.5 Thus there also appears to be interrelations between lifestyle 
changes and mood. 
Many authors have reported increased levels of anxiety and depression during all phases of 
hard lockdown.3 While not based on data from the current pandemic, Brooks et al. (2020) 
highlight how and why the implementation of quarantine measures affect psychological well-
being. This rapid review identified the duration of quarantine, fear of infection, fear of 
inadequate supplies, frustration and boredom and a lack of information as the main drivers of 
this.11 South Africans, under the 36-day Alert Level 5 lockdown, were likely to have been 
affected by most or all of these factors to some extent. 
To the best of our knowledge, no study yet has looked at multiple lifestyle behavioural changes 
within a population and specifically within a low- to middle-income country (LMIC) such as 
South Africa, during the COVID-19 lockdown period. Because many individuals living in LMICs 
reside in resource-constrained settings, changes in daily routines may have a severe impact 
on their physical and psychological health. Moreover, the particular lockdown restrictions in 
South Africa were more stringent than in many high income countries that have been studied. 
Behavioural aspects of daily life that are typically routine-oriented include work/education, 
physical activity, screen-time, caffeine and alcohol use and sleep-wake behaviour and many 
of these behaviours are co-dependent and important components of physical and mental well-
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being. The restrictions imposed by the South African government during Alert Level 5  
lockdown directly affected work, physical activity and alcohol use for most of the public. We  
were interested in describing the pattern of observed routine- and health-related changes  
comparing pre-lockdown to hard lockdown in a local sample.  
The primary aim of the study was to quantify any changes in work, physical activity, screen 
time, caffeine and alcohol use and sleep-wake behaviours, as well as symptoms of anxiety, 
depression and insomnia before and during the national Alert Level 5 lockdown in response 
to the COVID-19 pandemic. As we distributed this survey partly through university channels, 
a high number of students responded. Since we anticipated that students 1) have fewer work-
related time constraints and 2) are younger than the non-students, a secondary aim was to 
determine whether these changes differed between the student and non-student populations. 
Similarly, considering underlying gender-related differences in circadian and sleep timing12, 13 
we also investigated whether females and males may have been affected differently by 
lockdown with respect to our measured outcomes. 
METHODS 
Study design and setting 
This was a retrospective, observational study, which made use of an online survey (hosted on 
the Google Forms platform). The survey, which was in English and took approximately 20min 
to complete, was initially circulated on formal academic mailing lists and platforms, as well as 
various social media networks, an approach that was similar to that adopted in similar studies 
during this time (Blume et al., 2020; Cellini et al., 2020; Korman et al., 2020; Rossi et al., 
2020). Participants were also encouraged to pass on the survey through their own networks. 
Thus, this study adopted a combination of convenience and snowball sampling strategies in 
the interests of disseminating the survey rapidly. Participation in the survey took place 
between 12 May and 15 June 2020, while participants were under Alert Levels 4 and 3 
lockdown. Participants were required to answer questions related to two time points: Before 
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Lockdown (defined as the three months prior to lockdown, i.e. January, February and March 
2020) and During Lockdown (defined as the five weeks of Alert Level 5 lockdown, i.e. 27 March 
to 30 April 2020). 
Participants and recruitment
Persons older than 18 years of age, with a primary place of residence in South Africa prior to, 
and during, the period of COVID-19 restrictions were eligible to participate. All participants 
gave informed consent prior to completing the survey, and ethical clearance was obtained 
from the Ethical Standards Committee at Rhodes University (2020-1459-3468) and the 
University of Cape Town’s Department of Psychology Ethics Committee (PSY2020-014). 
Survey 
Demographic information collected included age, gender, home environment, medical history, 
sleep disorders, and chronic medication use. Participants were also asked whether or not they 
had been tested for COVID-19, and whether or not they had tested positive for the SARS-
CoV-2 virus at the time of completion of the questionnaire. The remainder of the questions 
required participants to provide answers for two time points: Before lockdown and during 
lockdown. Employment status was categorised as: employed (i.e. organisation- or self-
employed, regardless of working hours), unemployed (i.e. not employed, on leave, volunteer, 
retired) or student/studying (regardless of study hours). Variables relating to the home 
environment and employment status were used to describe socio-economic status of
participants. Daily habits relating to time spent working or studying (regardless of employment 
or student status), exercising, sitting or using screens, as well as caffeine and alcohol use 
were captured. Additional information relating to meal and snack timing were also obtained,  
but are not reported here. The International Physical Activity Questionnaire-short form  
(IPAQ)14 was used to assess levels of vigorous physical activity (VPA), moderate physical 
activity (MPA) and walking, reported as frequency per week and as minutes per day.  
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Participants reported on their usual bedtime, wake-up time, sleep duration, sleep quality (poor, 
fair, good, excellent), sleep onset latency (<5min, 5-20min, 20-30min, 30-45min, 45-60min, 
>60min to fall asleep), regularity in bedtime, wake-up time and sleep duration variability (<1h, 
1h, 1.5h, 2h, 2.5h, 3h, >3h variation in a given week), napping habits and use of sleeping 
medication. 
The Patient Health Questionnaire-215 typically used as a “first-step” to screen for depression, 
was used to assess the frequency of depressed mood and anhedonia. Scores range from 0-
6, with higher scores indicating greater levels of depression and scores of 4 or more indicating 
likelihood of a depressive disorder. The Generalized Anxiety Disorder 7-item (GAD-7) scale16 
was included as an easy-to-use self-administered patient questionnaire to screen for 
generalised anxiety disorder (GAD). Scores range from 0-21, with higher scores indicating 
greater levels of anxiety. We used cut-off scores of 5 for mild, 10 for moderate and 15 for 
severe anxiety.16 
The Insomnia Severity Index17, 18 was used to measure participants’ perception of insomnia 
symptoms. It comprises seven items assessing the perceived severity of difficulties initiating 
sleep, staying asleep, and early morning awakenings, satisfaction with current sleep pattern, 
interference with daily functioning, noticeability of impairment attributed to the sleep problem, 
and degree of distress or concern caused by the sleep problem. Scores range from 0-28, with 
higher scores indicating a higher degree of insomnia severity. Scores of 0–7 indicate “no 
clinically significant insomnia”, 8–14 “subthreshold insomnia”, 15–21 “clinical insomnia 
(moderate severity)” and 22–28 “clinical insomnia (severe)”. 
Data and statistical analyses 
Data are presented as mean ± standard deviation (SD), median with interquartile range (IQR) 
or count (percentages). Employment status was collapsed into three categories: Employed 
(employed and working, employed but not working, self-employed and working, self-employed 
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but not working); Not employed (unemployed, on leave, volunteer, retired); or Student. We 
excluded IPAQ data of participants (n=16) whose sum of total walking, MPA and VPA was 
greater than 960min (16h). Values greater than 180min/day of walking, MPA or VPA were re-
coded to 180min, and those lower than 10min/day were re-coded to 0 as recommended.19 
The difference between reported bedtime and wake-up time was used to determine time-in-
bed. Sleep onset latency was collapsed into three categories: <5min, 5-30min, >30min. Sleep 
regularity was also collapsed into three categories: ≤1.5h, 1.5-3h, ≥3h.
The Shapiro-Wilks test was used to assess normality. Time spent in moderate and vigorous 
physical activity (MVPA: MPA+VPA), walking time and screen use at nighttime were skewed 
so were log transformed; the log transformed variables met the normality criteria, and were 
used subsequently for analyses. Between group comparisons were made using independent 
t-tests, Mann-Whitney U, Chi-squared or Fisher’s Exact tests. Comparisons between the 
Before and During Lockdown timepoints were made using paired t-tests, the Wilcoxon Sign 
Rank test, McNemar’s test or Bowker's test of symmetry. Post hoc analyses used the 
Bonferroni correction to account for multiple comparisons. We used mixed models analyses 
and logistic regressions to explore main effects of time (Before vs. During lockdown), gender 
(male vs. female) or student (student vs. non student), and their respective interactions, 
covarying for age. For continuous, normally distributed dependent variables, we used Proc 
mixed in SAS specifying a  random intercept, and a compound symmetry covariance structure. 
Data were analysed using Stata v15.1 (StataCorp, Texas, USA) and SAS 9.3 (SAS, North 
Carolina USA) and significance was accepted at p<0.050. 
RESULTS
Descriptive characteristics 
The median age of our respondents was similar to that of South Africa (26.4y, Statistics South 
Africa, www.statssa.gov.za), but skewed towards females (73%) and clustered in three of 
South Africa’s four most densely populated Provinces. Data for the gender comparisons are 
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presented on those respondents who self-identified as females (n=767) or males (n=261). 
Owing to small sample sizes, data for participants who identified as non-binary gender (n=15) 
or who “preferred not to say” (n=5) are presented in Supplementary Table S1. The data for 
these 20 participants are included in all other non-gender-stratified analyses. Females were 
older and reported suffering from more chronic health or sleep conditions and fewer females 
had been tested for SARS-CoV-2 than males (Table 1). Students were younger, more likely 
to be males, with a higher housing density, fewer children in their care and more had been 
tested for SARS-CoV-2 than non-students. Among all participants, anxiety (30.4%) and 
depression (26.6%) were the most common self-reported chronic conditions, followed by 
asthma (11.5%), high blood pressure (7.9%), thyroid disease (4.6%) and high cholesterol 
(4.4%); and 33.9% of participants reported taking prescription medication. 
Among all participants who were employed before lockdown (n=535), 4 (0.7%) became 
unemployed and 7 (1,3%) changed to being a student during lockdown; of those who were 
unemployed before lockdown (n=40), 6 (15%) gained employment and 2 (5%) became 
students during lockdown; and of those who were students before lockdown (n=473), 8 (1.7%) 
became employed and 1 (0.2%) became unemployed during lockdown. Among the female 
participants who were employed before lockdown (n=408), 4 (1%) became unemployed and 
4 (1%) became students; of those female participants who were unemployed (n=33), 3 (9%) 
gained employment and 2 (6%) become students; and of those who were students (n=326), 
5 (1.5%) become employed and 1 (0.3%) became unemployed during lockdown. Among the 
male participants who were employed before lockdown (n=124), 3 (2.5%) became students; 
of those who were unemployed (n=6), two gained employment (33%); and of those who were 
students (n=131), 2 (1.5%) became employed during lockdown. There were no gender 
differences in change in employment status during lockdown among those who were 
employed (p=0.254), unemployed (p=0.290) or students (p=1.000) prior to lockdown. 
Changes in routine-oriented lifestyle behaviours 
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All participants 
Changes in measured routine-oriented lifestyle behaviours reported before and during 
lockdown in all participants are presented in Table 2. Hours engaged in work or study per 
week reduced (p<0.001) and work start times shifted later (p<0.001) during lockdown 
compared to before. Fewer people exercised during lockdown; time spent exercising at 
moderate and vigorous intensities and time spent walking both decreased and more sitting 
time per day was reported (all p<0.001). Total, daytime and nighttime screen time increased 
in all participants (all p<0.001). More people consumed caffeine-containing products and the 
volume of caffeinated drinks consumed increased; while the number of people consuming 
alcohol and the number of alcoholic drinks per day reduced during lockdown (all p<0.001). 
Bedtime and wake-up time were delayed while both time-in-bed and total sleep time increased 
during lockdown (all p<0.001). 
Male and female comparisons 
Comparative changes in routine-oriented lifestyle behaviours between males and females 
before and during lockdown are shown in Table 3. Significant group-by-time interaction effects 
were observed for MVPA and alcohol units: males reported a larger reduction in time spent in 
MVPA per day (p=0.025) and in number of alcohol drinks per day (p<0.001) than females. To 
further understand the nature of changes observed between males and females, we analysed 
the frequencies by which these lifestyle behaviour variables increased, decreased or showed 
no change (Supplementary Table S2). The data indicate that proportionally more males 
reported a reduction in MVPA than females during lockdown (p=0.017). 
There were significant gender main effects for time spent walking, screen time (total, daytime 
and nighttime), caffeine and alcohol use, bedtime and wake-up time. Overall, females reported 
more time spent walking (p=0.021), less total (p<0.001), daytime (p=0.002) and nighttime 
screen time (p=0.009); drank more caffeinated beverages (p=0.028) but less alcohol 
(p=0.004) and went to bed (p<0.001) and woke up earlier (p=0.020) compared to males. There 
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were also time main effects for all variables (all p<0.001) except for the number of people 
using caffeine, in line with the changes presented in Table 3. 
Student and non-student comparisons 
Comparative changes in routine-oriented lifestyle behaviours between students and non-
students before and during lockdown are presented in Table 4. Significant group-by-time 
interaction effects were observed for all variables except number who reported exercising, 
MVPA, caffeine and alcohol use. Specifically, students reported a greater reduction in hours 
spent working/studying per week (p=0.021), a greater delay in work/study start time (p<0.001) 
and end time (p<0.001), a larger decrease in time spent walking (p<0.001), larger increases 
in sitting time (p<0.001), total screen time (p<0.001) daytime screen time (p<0.001) and 
nighttime screen time (p<0.001), larger delays in both bedtimes (p<0.001) and wake-up times 
(p<0.001), and larger increases in time-in-bed (p<0.001) and sleep duration (p<0.001) 
compared to the non-students. 
Analyses of the directional changes of these variables indicate that more students reported a 
reduction in work hours per week (p=0.006), exercise time (p=0.011) and walking time 
(p<0.001) and an increase in sitting time (p<0.001), total screen time (p<0.001) and total sleep 
time (p<0.001) than non-students (Figure 1). More non-students reported no changes in work 
hours (p<0.001), walking time (p<0.001), sitting time (p<0.001) and total screen time 
(p<0.001), a reduction in total sleep time (p<0.001) and an increase in walking time (p<0.001) 
compared to the students (Figure 1). 
There were student status main effects for work/study start time, exercise, sitting time, and  
screen time. Overall, students started (p<0.001) and ended (p<0.001) working/studying later,  
were less likely to exercise (p<0.001), spent more time sitting (p<0.001), had more total  
(p<0.001) and nighttime (p<0.001) screen time, were less likely to drink caffeine (p<0.001) or  
alcohol (p<0.001), went to bed (p<0.001) and woke up (p<0.001) later and reported a longer 
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sleep duration (p=0.006) than non-students. In line with the changes presented in Table 4, 
there were also time main effects for all variables (all p<0.001) except for the number of people 
using caffeine. 
Changes in sleep characteristics 
Comparative changes in sleep habits between males and females, students and non-students 
are presented in Supplementary Table S3. More females reported reduced sleep quality 
(p=0.003) and an increase in sleep onset latency (SOL) (p=0.002) than males, while more 
males reported no change in either sleep quality (p=0.003) or SOL (p=0.007) than females. 
All variables differed between the students and non-students (Figure 2). More students 
reported an improvement in sleep quality (Figure 2A) and a longer SOL (Figure 2C), more 
napping (Figure 2E), both an increase and decrease (Figure 2B) in bedtime regularity, a 
decrease in wake-up time regularity (Figure 2D) and an increase in total sleep time regularity 
(Figure 2F) compared to non-students. More non-students reported no changes in sleep 
quality (Figure 2A), sleep onset latency (Figure 2B), napping (Figure 2C), bedtime regularity 
(Figure 2B), wake-up time regularity (Figure 2D) and total sleep time regularity (Figure 2E) 
compared to students. 
Changes in symptoms of depression, anxiety and insomnia 
Symptoms of depression (PHQ score), anxiety (GAD score) and insomnia (ISI score) 
worsened in all participants (Table 2, all p<0.001). Figure 3 presents comparative changes in 
these variables between the males and females, and between the students and non-students. 
There was an time-by-group interaction effect for depression (Figure 3A, p=0.028) such that 
while depression increased in both genders (p<0.001), the change in symptoms of depression 
was worse among females (p=0.012). 
There was a time-by-group interaction effect for symptoms of depression (Figure 3B, 
p=0.015), between the students and non-students. Symptoms of depression worsened in both 
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groups (both p<0.001), but the change was larger among the students (p<0.001). Similarly, 
there was a time-by-group interaction effect for symptoms of insomnia (Figure 3F, p=0.002); 
such that while both groups reported more symptoms of insomnia during lockdown (p<0.001), 
the extent to which this changed was worse among the students (p<0.001). 
DISCUSSION 
We characterise the changes in multiple routine-oriented work and lifestyle behaviours in  
response to the initial COVID-19 lockdown restrictions in relatively young South Africans  
(median age: 27y), comprising both students and non-students. Similar to previous reports2-
10, 20-24 we also demonstrate detrimental effects of lockdown on sitting, screen time, exercise  
and symptoms of insomnia, depression and anxiety; reduced work/study hours and alcohol  
use; increased caffeine use and longer sleep durations; and shifts to later work start times,  
bedtimes and wake-up times. We build on these observations by specifically comparing  
females to males, and students to non-students. 
Remarkably, only two routine-oriented lifestyle behaviours changed differently between 
females and males. Compared to females, males reported larger reductions in both higher 
intensity exercise and alcohol use than females during lockdown. In part, the change in the 
nature of exercise among males might be attributed to the fact that males did more moderate 
and vigorous physical activity before lockdown, which they may not have been able to sustain 
during lockdown while confined to their homes. Similarly, the ban on access to alcohol during 
lockdown in South Africa coupled with the fact that males reported a higher daily alcohol use 
prior to lockdown than females, may explain why males reported a greater reduction in alcohol 
use during lockdown. 
The lockdown-induced changes in sleep timing and duration were not different between the 
genders. Consistent with observations from cohorts in Greece21 and Italy24, more females in 
our cohort reported a worsening of sleep quality and time to fall asleep during lockdown than 
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males. Thus while these data suggest higher susceptibility to sleep quality-type challenges 
among women, both in “everyday” and extraordinary times, that we show no difference in the 
worsening of insomnia symptoms between the males and females is in contrast to evidence 
suggesting that women are more vulnerable to insomnia-related sleep challenges than men.25 
While several studies reported that depression and anxiety worsened more among women 
than men in response to lockdown,26-28 we only observed a larger increase in depressive 
symptoms among females during lockdown. It would be interesting to understand that longer 
term response differences between the genders since one study showed that while females 
initially presented with increased depressive symptoms during the third week of lockdown 
compared to males, at subsequent follow-up four weeks later (still during lockdown), there was 
no difference between the genders.29 The authors ascribed this change to long-term resilience 
in females rather than males. 
There were distinct differences in the nature of changes in routine-oriented lifestyle behaviours 
between students and non-students in this cohort. Specifically, students demonstrated larger 
delays in work hours and sleep timing with greater increases in sitting, screen time, sleep 
duration and napping and larger decreases in work hours, exercise time (walking, moderate 
and vigorous activities) and sleep regularity compared to non-students. In contrast, the 
routines of non-students appeared to remain more intact, with no changes in work hours, 
sitting, screen time, walking, napping or regularity in sleep timing and duration reported. 
While delays in work/study start-time are likely due to increased flexibility in the temporal 
demands that accompanied working- or studying-from-home arrangements,30 the larger 
delays in the students might be attributed to the less structured nature of studying compared 
to working. To some extent this might be supported by the shift towards less regular sleep 
patterns reported by the students than non-students. Having consistent bedtimes, wake-times, 
mealtimes and exercise sessions each day, for example, are important biologically in 
reinforcing one’s circadian rhythms, which in turn promotes good physical and mental 
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health.31-33 Disrupting these routines can dampen circadian rhythms, which in turn may 
exacerbate poor sleep and increase levels of daytime fatigue, both of which may reduce 
motivation to exercise, lead to poorer food choices and increase anxiety and or depression 
levels.32, 33 Indeed, we observed larger increases in symptoms of depression and insomnia 
among the students in this study. 
The delay in the onset of working/studying would likely have been associated with the 
significant delay in the bed- and wake-times during lockdown, which was broadly consistent 
with previous studies from other countries.2, 3, 8 Cellini et al. (2020) reported that both workers 
and students shifted their bedtimes later to a similar extent, but workers delayed wake-up 
times more than students (1h13min and 45min respectively).3 In contrast, we show that both 
bedtime and wake-up times are delayed to a greater extent in the students (bedtime: 
±1h50min, wake-up time: ±2h40) that non-students (bedtime: ±55min, wake-up time: 
±1h10min). 
It is interesting that while Cellini et al. (2020) saw a greater increase in time-in-bed for workers 
(~26 min) than students (~5min) in Italy, we observed that students increased self-reported 
time-in-bed by ±50min compared to ±16min in the non-students. That both students and non-
students increased their sleep times in South Africa may reflect societal differences between 
Italy and South Africa, which allow Italian students to maintain bed and wake times that permit 
them to get sufficient sleep (~8.4 hours in bed) during term times. We speculate that the 
increased sleep duration, napping and sleep quality reported by students in this study when 
they had fewer societal-imposed temporal demands likely reflects “catch-up” sleep in 
response to accumulated sleep debt under normal routines. Furthermore, the dramatic change 
in sleep timing among students, known to be in a phase of life where chronotype is later, 
suggests habitual sleep routines that are at odds with their chronotype. Perhaps a later start 
time for classes in South Africa should be considered by the relevant authorities as this would 
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allow time for sleep for adolescent students which may improve mental and physical health, 
as well as academic achievement.34-37 
The shift towards more sedentary behaviour was more apparent among the students in this 
study who increased sitting (±3.5h) and screen (±4.5h) time more during lockdown than the 
non-students (sitting: ±2h, screen: ±3h). Furthermore, the larger increase in nighttime screen 
time may have influenced to some extent their sleep timing. Exposure to artificial light at night, 
such as from the screens of electronic devices, can suppress melatonin production, delay and 
dampen circadian rhythms, affect alertness and enable individuals to extend their activity 
period into the night (reviewed in38) and thus delay sleep onset. Based on these known effects 
of caffeine and screen use, these factors may have contributed to the delayed bedtimes 
observed during lockdown. However, Cellini et al. (2020) observed only mild effects on bed 
and wake times with increased screen time at night.  
Finally, it is worth noting that under lockdown there was a 3% reduction in the number of 
people employed or self-employed in our cohort, which was less than the 8.1% reduction in 
employment status reported in a survey by Stats SA between 29 April and 6 May 2020. The 
overall unemployment rate in South Africa was estimated to be 30.1% in the first quarter of 
2020, increasing to 42.0% in the second quarter (Stats SAP0211 - Quarterly Labour Force 
Survey (QLFS), 2nd Quarter 2020) and these employment statistics are not reflected in the 
participants of this study possibly due to the high percentage of students in the sample and 
the channels through which the survey was distributed. There was, however, a 7.3% reduction 
in the number of people actively engaging in work/study in our sample during lockdown. 
Reported weekly work/study hours reduced from 40h to 30h during lockdown, a result that is 
comparatively similar to that reported by Blume et al. (2020). 
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The study had several limitations. Given that the dissemination of the survey occurred through 
the research group’s social media and institutional networks, it is likely that this sampling 
approach may have introduced selection bias. We may only have reached individuals with 
access to social media and those connected to the academic circles and networks of the 
investigators. This may have accounted for the overrepresentation of female and student 
participants, and the clustering of respondents in three of our larger provinces in South Africa. 
Thus, the results of this study are not necessarily representative of the broader South African 
population. The survey required participants to retrospectively self-report on work and lifestyle 
habits prior to lockdown, which may have introduced some recall bias. We tried to minimise 
this as far as possible by including clear questions, relating to well-defined time periods. An 
additional limitation is that survey did not explore how work and lifestyle factors may have 
differed between weekdays and weekend days. ThereforeThus, the generalisability of these 
findings should be considered in light of these limitations. 
CONCLUSIONS 
The negative psychological effects of quarantine that have been previously reported on were 
apparent in the participants of this study subjected to severe national lockdown restrictions 
imposed in South Africa. The effects of these restrictions on routine-oriented lifestyle 
behaviours were significant and largely similar to the changes seen in other countries. We 
expand on these observations by showing differences in response to lockdown between males 
and females, and between students and non-students. Sleep and depression in females were 
more negatively impacted than males, and more males reduced physical exercise and alcohol 
intake than females. 
We speculate that the sleep changes reported by students during lockdown may reflect “catch-
up” sleep in response to accumulated sleep debt under normal routines. Indeed the dramatic 
change in work and sleep timing among students suggests habitual routines that are too early 
for their likely later chronotypes, which typically results in sleep deprivation when societal 
For Peer Review 
temporal demands are biased towards earlier start times. Thus our data may be useful in 
preliminary engagements with relevant stakeholders to lobby for later class start times in South 
Africa to improve learning and health outcomes. The interactions between mental health, sleep 
and physical activity due to the disruption of daily routines imposed by lockdown need to be 
explored to understand the potential long-term consequences on mental and physical health. 
ACKNOWLEDGEMENTS 
Thank you to the participants for their time in responding to this survey. 
FUNDING SOURCE 
JR was supported by a postdoctoral research fellowship from the University of the 
Witwatersrand’s University Research Council. 
REFERENCES 
1. Hale TW, S; Petherick, A; Phillips, T; Kira, B. Data from: Oxford COVID-19  
Government Response Tracker, Blavatnik School of Government. 2020.  
2. Wright KP, Jr., Linton SK, Withrow D, et al. Sleep in university students prior to and 
during COVID-19 Stay-at-Home orders. Curr Biol. 2020;30(14):R797-R798. 
doi:10.1016/j.cub.2020.06.022 
3. Cellini N, Canale N, Mioni G, Costa S. Changes in sleep pattern, sense of time and 
digital media use during COVID-19 lockdown in Italy. J Sleep Res. 2020;29(4)doi:ARTN 
e13074 
10.1111/jsr.13074 
4. Salehinejad MA, Majidinezhad M, Ghanavati E, et al. Negative impact of COVID-19  
pandemic on sleep quantitative parameters, quality, and circadian alignment: Implications for  
health and psychological well-being. EXCLI J. 2020;19:1297-1308. doi:10.17179/excli2020-
2831 
For Peer Review 
5. Wang X, Lei SM, Le S, et al. Bidirectional Influence of the COVID-19 Pandemic 
Lockdowns on Health Behaviors and Quality of Life among Chinese Adults. Int J Environ 
Res Public Health. 2020;17(15)doi:10.3390/ijerph17155575 
6. Sinha M, Pande B, Sinha R. Impact of COVID-19 lockdown on sleep-wake schedule 
and associated lifestyle related behavior: A national survey. J Public Health Res. 
2020;9(3):1826. doi:10.4081/jphr.2020.1826 
7. Ingram J, Maciejewski G, Hand CJ. Changes in Diet, Sleep, and Physical Activity Are 
Associated With Differences in Negative Mood During COVID-19 Lockdown. Front Psychol. 
2020;11:588604. doi:10.3389/fpsyg.2020.588604 
8. Blume C, Schmidt MH, Cajochen C. Effects of the COVID-19 lockdown on human 
sleep and rest-activity rhythms. Curr Biol. J2020;30(14):R795-R797. 
doi:10.1016/j.cub.2020.06.021 
9. Romero-Blanco C, Rodriguez-Almagro J, Onieva-Zafra MD, Parra-Fernandez ML, 
Prado-Laguna MDC, Hernandez-Martinez A. Physical Activity and Sedentary Lifestyle in 
University Students: Changes during Confinement Due to the COVID-19 Pandemic. Int J 
Environ Res Public Health. 2020;17(18)doi:10.3390/ijerph17186567 
10. Castaneda-Babarro A, Arbillaga-Etxarri A, Gutierrez-Santamaria B, Coca A. Physical 
Activity Change during COVID-19 Confinement. Int J Environ Res Public Health. 
2020;17(18)doi:10.3390/ijerph17186878 
11. Brooks SK, Webster RK, Smith LE, et al. The psychological impact of quarantine and 
how to reduce it: rapid review of the evidence. Lancet. 2020;395(10227):912-920. 
doi:10.1016/S0140-6736(20)30460-8 
12. Baker FC, Waner JI, Vieira EF, Taylor SR, Driver HS, Mitchell D. Sleep and 24 hour 
body temperatures: a comparison in young men, naturally cycling women and women taking 
hormonal contraceptives. J Physiol. F2001;530(Pt 3):565-74. doi:10.1111/j.1469-
7793.2001.0565k.x 
For Peer Review 
13. Cain SW, Dennison CF, Zeitzer JM, et al. Sex Differences in Phase Angle of 
Entrainment and Melatonin Amplitude in Humans. J Biol Rhythms. 2010;25(4):288-296. 
doi:10.1177/0748730410374943 
14. Craig CL, Marshall AL, Sjostrom M, et al. International physical activity questionnaire: 
12-country reliability and validity. Med Sci Sports Exerc. 2003;35(8):1381-95. 
doi:10.1249/01.MSS.0000078924.61453.FB 
15. Kroenke K, Spitzer RL, Williams JB. The Patient Health Questionnaire-2: validity of a 
two-item depression screener. Med Care. 2003;41(11):1284-92. 
doi:10.1097/01.MLR.0000093487.78664.3C 
16. Spitzer RL, Kroenke K, Williams JB, Lowe B. A brief measure for assessing 
generalized anxiety disorder: the GAD-7. Arch Intern Med. 2006;166(10):1092-7. 
doi:10.1001/archinte.166.10.1092 
17. Morin CM. Insomnia: psychological assessment and management. Guildford Press; 
1993:1-1. 
18. Bastien CH, Vallières A, Morin CM. Validation of the Insomnia Severity Index as an 
outcome measure for insomnia research. Sleep Med. 2001;2:297-307. 
19. Sjostrom M, Ainsworth, B., Bauman, A., Bull, F., Hamilton-Craig, C., Sallis, J. 
Guidelines for data processing analysis of the International Physical Activity Questionnaire 
(IPAQ) - Short and long forms. Updated 2005. Accessed 21 October 2020. 
https://sites.google.com/site/theipaq/scoring-protocol 
20. Kokou-Kpolou CK, Megalakaki O, Laimou D, Kousouri M. Insomnia during COVID-19 
pandemic and lockdown: Prevalence, severity, and associated risk factors in French 
population. Psychiatry Res. 2020;290:113128. doi:10.1016/j.psychres.2020.113128 
21. Voitsidis P, Gliatas I, Bairachtari V, et al. Insomnia during the COVID-19 pandemic in 
a Greek population. Psychiatry Res. 2020;289:113076. doi:10.1016/j.psychres.2020.113076 
22. Lin LY, Wang J, Ou-Yang XY, et al. The immediate impact of the 2019 novel 
coronavirus (COVID-19) outbreak on subjective sleep status. Sleep Med. 
2020;doi:10.1016/j.sleep.2020.05.018 
For Peer Review 
23. Huang Y, Zhao N. Generalized anxiety disorder, depressive symptoms and sleep 
quality during COVID-19 outbreak in China: a web-based cross-sectional survey. Psychiatry 
Res. 2020;288:112954. doi:10.1016/j.psychres.2020.112954 
24. Rossi R, Socci V, Talevi D, et al. COVID-19 Pandemic and Lockdown Measures 
Impact on Mental Health Among the General Population in Italy. Front Psychiatry. 
2020;11:790. doi:10.3389/fpsyt.2020.00790 
25. Zhang B, Wing YK. Sex differences in insomnia: a meta-analysis. Sleep. 
2006;29(1):85-93. doi:10.1093/sleep/29.1.85 
26. Attal JH, Lurie I, Neumark Y. A rapid assessment of migrant careworkers' 
psychosocial status during Israel's COVID-19 lockdown. Isr J Health Policy Res. 
2020;9(1):61. doi:10.1186/s13584-020-00422-0 
27. Salameh P, Hajj A, Badro DA, Abou Selwan C, Aoun R, Sacre H. Mental Health 
Outcomes of the COVID-19 Pandemic and a Collapsing Economy: Perspectives from a 
Developing Country. Psychiatry Res. 2020;294:113520. doi:10.1016/j.psychres.2020.113520 
28. Gu YQ, Zhu Y, Xu FZ, Xi JZ, Xu GX. Factors associated with mental health 
outcomes among patients with COVID-19 treated in the Fangcang shelter hospital in China. 
Asia-Pac Psychiat. 2020;doi:ARTN e12443 
10.1111/appy.12443 
29. Salfi F, Lauriola M, Amicucci G, et al. Gender-related time course of sleep 
disturbances and psychological symptoms during the COVID-19 lockdown: A longitudinal 
study on the Italian population. Neurobiol Stress. 2020;13:100259. 
doi:10.1016/j.ynstr.2020.100259 
30. Kantermann T. Behavior: How a Global Social Lockdown Unlocks Time for Sleep. 
Current Biology. 2020;30(13):R822-R823. 
31. Bei B, Wiley JF, Trinder J, Manber R. Beyond the mean: A systematic review on the 
correlates of daily intraindividual variability of sleep/wake patterns. Sleep Med Rev. 
2016;28:108-24. doi:10.1016/j.smrv.2015.06.003 
For Peer Review 
32. Lyall LM, Wyse CA, Graham N, et al. Association of disrupted circadian rhythmicity  
with mood disorders, subjective wellbeing, and cognitive function: a cross-sectional study of 
91 105 participants from the UK Biobank. Lancet Psychiatry. 2018;5(6):507-514.  
doi:10.1016/S2215-0366(18)30139-1 
33. Murray JM, Phillips AJK, Magee M, et al. Sleep regularity is associated with sleep-
wake and circadian timing, and mediates daytime function in Delayed Sleep-Wake Phase 
Disorder. Sleep Med. 2019;58:93-101. doi:10.1016/j.sleep.2019.03.009 
34. Roenneberg T, Allebrandt KV, Merrow M, Vetter C. Social jetlag and obesity. Curr 
Biol. 2012;22(10):939-43. doi:10.1016/j.cub.2012.03.038 
35. Wheaton AG, Chapman DP, Croft JB. School Start Times, Sleep, Behavioral, Health, 
and Academic Outcomes: A Review of the Literature. J Sch Health. 2016;86(5):363-81. 
doi:10.1111/josh.12388 
36. Marx R, Tanner-Smith EE, Davison CM, et al. Later school start times for supporting 
the education, health, and well-being of high school students. Cochrane Database Syst Rev. 
2017;7:CD009467. doi:10.1002/14651858.CD009467.pub2 
37. Zerbini G, van der Vinne V, Otto LKM, et al. Lower school performance in late 
chronotypes: underlying factors and mechanisms. Sci Rep. 2017;7(1):4385. 
doi:10.1038/s41598-017-04076-y 
38. Aulsebrook AE, Jones TM, Mulder RA, Lesku JA. Impacts of artificial light at night on 














































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































For Peer Review 
FIGURE LEGENDS 
Figure 1. Comparative changes in routine-oriented lifestyle behaviours between 
Students (n=575) and Non-students (n=473). Data are presented as frequencies. P-values 
were determined using Chi-squared tests and Fisher’s exact tests were used for post hoc 
analyses. *indicate significant between-group post hoc differences. 
Figure 2. Comparative changes in sleep habits between Students (n=473) and Non-
students (n=575). Data are presented as frequencies. P-values were determined using Chi-
squared tests and Fisher’s exact tests were used for post hoc analyses. *indicate significant 
between-group post hoc difference. 
Figure 3. Comparative changes in symptoms of depression (A, B), anxiety (C, D) and 
insomnia (E, F) during lockdown between females versus males (left panel) and 
students versus non-students (right panel). All data points are plotted with the median and 
interquartile ranges. Horizontal grey-dashed lines represent respective categorical cut-offs for 
each scale. PHQ: Patient Health Questionnaire-2; GAD: Generalized Anxiety Disorder; ISI: 
Insomnia Severity Index. P-values were determined using mixed effects models, covarying for  
age. 
Figure 1. Comparative changes in routine-oriented lifestyle behaviours between Students (n=575) and Non-
students (n=473). Data are presented as frequencies. P-values were determined using Chi-squared tests 
and Fisher’s exact tests were used for post hoc analyses. *indicate significant between-group post hoc 
differences. 
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Figure 2. Comparative changes in sleep habits between Students (n=473) and Non-students (n=575). Data 
are presented as frequencies. P-values were determined using Chi-squared tests and Fisher’s exact tests 
were used for post hoc analyses. *indicate significant between-group post hoc difference. 
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Figure 3. Comparative changes in symptoms of depression (A, B), anxiety (C, D) and insomnia (E, F) during 
lockdown between females versus males (left panel) and students versus non-students (right panel). All 
data points are plotted with the median and interquartile ranges. Horizontal grey-dashed lines represent 
respective categorical cut-offs for each scale. PHQ: Patient Health Questionnaire-2; GAD: Generalized 
Anxiety Disorder; ISI: Insomnia Severity Index. P-values were determined using mixed effects models, 
covarying for age. 
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SUPPLEMENTARY DATA 
Table S1. Descriptive and lockdown-related change characteristics among individuals 
identifying with the non-binary gender, or who preferred not to say. 
Non-binary (n=15) Prefer not to say (n=5)# 
Age (y) 
House density (people/room) 
No. children in respondent’s care 
Employment status (Employed:  
not employed: student) 
No. with chronic condition (%) 
No. with sleep condition (%) 
No. tested for COVID-19 (%) 
No. diagnosed with COVID-19 (%) 
Work/study hours (h/wk) 
Walking (min/wk) 
MVPA (min/wk) 
Sitting time (h/day) 
Total screen time (h/day) 
Time-in-bed (h) 
Total sleep time (h) 
PHQ score (au) 
GAD score (au) 
22 (19, 27) 
0.6 (0.4, 0.7) 







38 (25, 45) 
240 (160, 600) 
120 (70, 180) 
7 (4, 9) 
6.5 (5, 11) 
8 (7, 9) 
7 (6, 8) 
2 (2, 4) 
8 (6, 14) 
During 
20 (2, 30) 
20 (0, 60) 
30 (0, 100) 
10 (7, 12) 
11 (10, 14) 
9 (8, 11) 
8 (6, 10) 
4 (3, 6) 
13 (7, 15) 
19 (18, 19) 
0.5 (0.3, 1.0) 
0 (0, 0) 
0:0:5 (0:0:100%) 
Before 
10.5 (8, 30) 
250 (140, 700) 
450 (120, 840) 
3 (2, 7) 
7 (6, 10) 
7 (6, 9) 
6 (5, 9) 
1 (0, 4) 






21 (5. 25) 
0 (0, 20) 
0 (0, 20) 
14 (11, 14) 
16 (12, 17) 
7 (7, 7) 
7 (7, 9) 
5 (3, 5) 
17 (11, 19) 
For Peer Review 
ISI score (au) 7 (3, 13) 14 (7, 20) 4 (3, 5) 17 (14, 19) 
Data are presented for descriptive purposes and statistics were not conducted owing to 
small sample size. MVPA: moderate and vigorous physical activity; PHQ: patient health 
questionnaire; GAD: general anxiety disorder, ISI: insomnia severity index. 
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Table S2. Comparative changes in time spent working and or studying, exercising, 
sitting, using screens and sleeping between males and females, and between 
students and non-students 
Females Males p- Students Non-students p-value 
(n=767)# (n=261)# value (n=473) (n=575) 
Work/study Increase 190 (24.8%) 64 (24.5%) 0.760 134 (28.3%) 126 (21.9%) <0.001 
time (h/wk) 
Decrease 424 (55.3%) 150 (57.5%) 286 (60.5%)* 298 (51.8%)* 
No change 153 (19.9%) 47 (18.0%) 53 (11.2%)* 151 (26.3%)* 
Exercise Increase 211 (27.9%) 66 (25.6%) 0.039 114 (24.5%) 166 (29.1%) 0.013 
time (MVPA 
Decrease 354 (46.8%)* 143 (55.4%)* 253 (54.4%)* 257 (45.2%)* 
min/wk) 
No change 191 (25.3%) 49 (19.0%) 98 (21.1%) 146 (25.7%) 
Walking Increase 136 (18.0%) 45 (17.4%) 0.907 44 (9.6%)* 137 (24.1%)* <0.001 
(min/wk) 
Decrease 513 (68.0%) 179 (69.4%) 383 (82.4%)* 328 (57.8%)* 
No change 106 (14.0%) 34 (13.2%) 38 (8.2%)* 103 (18.1%)* 
Sitting time Increase 558 (75.9%) 189 (75.9%) 0.387 385 (84.8%)* 378 (68.9%)* <0.001 
(h/day) 
Decrease 89 (12.1%) 24 (9.6%) 38 (8.4%) 77 (14.0%) 
No change 88 (12.0%) 36 (14.4%) 31 (6.8%)* 94 (17.1%)* 
Total screen Increase 618 (82.8%) 213 (83.9%) 0.893 403 (89.6%)* 442 (77.9%)* <0.001 
time (h/day) 
Decrease 59 (7.9%) 20 (7.9%) 25 (5.5%) 56 (9.9%) 
No change 69 (9.3%) 21 (8.12) 22 (4.9%)* 69 (12.2%)* 
Time-in-bed Increase 426 (55.8%) 143 (55.7%) 0.186 294 (62.5%)* 287 (50.3%)* <0.001 
For Peer Review 
(h) Decrease 213 (27.9%) 61 (23.7%) 108 (23.0%)* 171 (30.0%)* 
No change 124 (16.3%) 53 (20.6%) 68 (14.5%) 112 (19.7%) 
Total sleep Increase 379 (49.4%) 128 (49.1%) 0.120 275 (58.1%)* 240 (41.8%)* <0.001 
time (h) 
Decrease 260 (33.9%) 76 (29.1%) 126 (26.7%)* 217 (37.7%)* 
No change 128 (16.7%) 57 (21.8%) 72 (15.2%) 118 (20.5%) 
Data are presented as count (%). P-values were determined using Chi-squared tests and 
Fisher’s exact tests were used for post hoc analyses. * indicate post hoc differences 
between-groups. 
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Table S3. Comparative changes in depression, anxiety and insomnia symptoms, and 
sleep characteristics between males and females, and between students and non-
students. 
Females Males p-value Students Non- p-value 
(n=767)* (n=261)* (n=473) students 
(n=575) 
PHQ Worsened 495 (64.6%) 160 (61.3%) 0.541 313 (66.2%) 357 (62.1%) 0.006 
symptom 
Improved 70 (9.1%) 29 (11.1%) 56 (11.8%) 47 (8.2%) 
severity 
No change 202 (26.3%) 72 (27.6%) 104 (22.0%)* 171 (29.7%)* 
GAD Increase 593 (77.3%) 188 (72.0%) 0.021 356 (75.3%) 440 (76.5%) 0.117 
symptom 
Decrease 92 (12.0%) 28 (10.7%) 66 (13.9%) 59 (10.3%) 
severity 
No change 82 (10.7%)* 45 (17.3%)* 51 (10.8%) 76 (13.2%) 
ISI Increase 544 (71.0%)* 164 (62.9%)* <0.001 338 (71.5%) 384 (66.8%) 0.012 
symptom 
Decrease 133 (17.3%) 39 (14.9%) 84 (17.7%) 92 (16.0%) 
severity 
No change 90 (11.7%)* 58 (22.2%)* 51 (10.8%)* 99 (17.2%)* 
Sleep Improvement 106 (13.8%) 36 (13.8%) 0.005 83 (17.6%)* 62 (10.8%)* <0.001 
quality 
Worsening 410 (53.5%)* 112 (42.9%)* 256 (54.1%) 277 (48.2%) 
No change 251 (32.7%)* 113 (43.4%)* 134 (28.3%)* 236 (41.0%)* 
Sleep Increase 440 (57.4%)* 121 (46.4%)* 0.008 291 (61.5%)* 281 (48.9%)* <0.001 
onset 
Decrease 64 (8.3%) 26 (9.9%) 48 (10.2%) 45 (7.8%) 
latency 
No change 263 (34.3%)* 114 (43.7%)* 134 (28.3%)* 249 (43.3%)* 
Napping Increase 207 (27.0) 70 (26.8) 0.225 144 (30.4) 142 (24.7) <0.001 
Decrease 159 (20.7) 42 (16.1) 131 (27.7)* 76 (13.2)* 









No change 401 (52.3) 149 (57.1) 198 (41.9)* 357 (62.1)* 
Increase 100 (13.0%) 43 (16.5%) 0.181 86 (18.2%)* 64 (11.1%)* 
Decrease 479 (62.5%) 147 (56.3%) 320 (67.6%)* 317 (55.1%)* 
No change 188 (24.5%) 71 (27.2%) 67 (14.2%)* 194 (33.8%)* 
Increase 87 (11.3%) 25 (9.6%) 0.682 62 (13.1%) 52 (9.0%) 
Decrease 487 (63.5%) 164 (62.8%) 336 (71.0%)* 329 (57.2%)* 
No change 193 (25.2%) 72 (27.6%) 75 (15.9%)* 194 (33.8%)* 
Increase 130 (17.0%) 41 (15.7%) 0.297 97 (20.5%)* 78 (13.6%)* 
Decrease 426 (55.5%) 135 (51.7%) 275 (58.1%) 298 (51.8%) 




Data are presented as count (%). P-values were determined using Chi-squared test. 
